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Everson Creek Basin 


The Everson Creek sample basin was visited a total of 16 and 15 times 
during the two hydrologic years. Badweather and poor road conditions made 
the basin inaccessible on several occasions. The upper North Everson station 


was monitored 10 and 11 times respectively. 


Channel Stability Ratings 

The North Everson Creek and South Everson Creek stream sections were 
evaluated on September 3, 1976. Each segment extended from the lower station 
to just above the Beaverhead National Forest boundary. North Everson Creek 
was rated as 'good' (76) (Table 15) and South Everson Creek as 'good' (74) 


(Tabike: l6)% 


Precipitation 

Precipitation was measured at the South Everson precipitation station 
from April 23 through November 11, 1977 and from June 15 through September 
14, 1978. This station was intermittently inaccessible owing to bad road 
conditions and locked gates. The general precipitation patterns during 
these two fiscal years are compared to those of the Dillon and Lima weather 
stations (Figure 66). Sampling problems at the South Everson stations 


during the 1978 field season preclude any comparative analysis. 


Stream Discharge 
The staff-discharge rating curves for the Lower North Everson, Upper 
North Everson, and South Everson sampling stations are presented in Figures 
67-69. The gauging sites remained relatively stable during the sampling 
period, although the spring flood of 1978 did result in some channel adjustment. 


The 1977 and 1978 annual hydrographs for the Everson Creek sampling 
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Figure 67. 
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Log Dis=1.1632 + 1.4559 (log staff) 


Stream Discharge (cfs) 


Staff-discharge Rating Curve for the Lower North Everson Station. 
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Log Dis= 1.1826 + 2.3396 (log staff) 


Figure 68. 


1.0 10 


Stream Discharge (cfs) 


Staff-discharge Rating Curve for the Upper North Everson 
Station. 
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Figure 69. 


Log Dis = 1.4264 + 2.7628 (log staff) 


Stream Discharge (cfs) 


Staff-discharge Rating Curve for the South Everson Station. 
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12 
stations are presented in Figures 70-75. During the 1977 year, the Lower 
North Everson flay data indicate a relatively low, constant discharge without 
any apparent neal period, although an early peak may have occurred in 
April over channel ice prior to the first sampling visit. Low flow for the 
year was 0.18 cfs in late September. During 1978, however, a peak flow of 
17 cfs was recorded for mid-June. Low flow was 0.19 cfs the previous October. 
The Upper North Everson station data indicates a similar pattern. A modest 
peak may have occurred prior to the first sampling visit in 1977, however, 
the general pattern is of a reduced, relatively constant discharge. Dis- 
charge values ranged from 1.5 cfs in mid-June to 0.17 cfs in late September. 
An estimated 21 cfs crest flow occurred during mid-June, 1978. This value 
may, however, be somewhat overestimated. The lowest recorded flow was again 
0.17 cfs the preceeding October. A modest weak flow of 1.2 cfs occurred at 
the South Everson station early May, 1977, while the annual low flow of 0.20 
cfs was recorded in mid-September. During 1978, however, the mid-June period 
produced an estimated peak flow of 7.4 cfs, while the low flow for the year 
was 0.26 cfs the previous October. The differences noted in flow patterns 
for the two hydrologic years are largely attributed to differences in the 
annual and seasonal precipitation patterns and the snow-melt rates. 

The respective annual hydrograph data were used to estimate the annual 
water yields for each station (Table 17). During the less active 1977 
hydrologic year, the data indicate a yield of 320 acre feet for Lower North 
Everson, 375 acre feet for Upper North Everson, and 215 acre feet for South 
Everson. These values increased to 1040 acre feet, 880 acre feet, and 490 


acre feet respectively during the more active 1978 hydrologic year. 
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Suspended Sediment 

The ae pattern of sediment concentration for each station by 
hydrologic year is depicted in Figures 70-75. Suspended sediment concentrations 
at the Lower North Everson station ranged from <5 ppm at low flow to 160 ppm 
at high flow, the Upper North Everson station from <5 ppm to 73 ppm, while 
the South Everson values extended from <5 ppm to 2790 ppm. Higher suspended 
sediment values were generally recorded during the 1978 hydrologic year when 
there were higher discharge values. The relationships between suspended 
sediment and stream discharge for each station were statistically significant, 
and are presented in Figures 76-78. The variability in sediment concentration 
with stream flow is partially attributed to a seasonal effect, specific storm 
effects, the presence of livestock and to the hysteresis effect, whereby peak 
concentrations of suspended sediment generally occur prior to peak runoff 
during the rising stage (Gregory and Walling, 1973, pp. 215-219). Annual 
sediment yields for the two sample stations were estimated from respective 
water yield and sediment concentration data (Table 17). The Lower and Upper 
North Everson stations recorded approximately 7.6 tons and 4.8 tons of 
suspended sediment respectively during 1977. The South Everson yield was 
estimated at 6.9 tons. These yields were increased to 109 tons, 40 tons, 


and 69.5 tons for the more active 1978 hydrologic year. 


Hydrochemical Parameters 

The concentration of dissolved solids is inversely related to stream 
discharge so that lower concentrations occur during periods of high runoff, 
while higher concentrations are found during periods of low summer base flow 
(Gunnerson, 1967; Gregory and Walling, 1973, pp. 219-225). Patterns for 
specific ions, especially the ecologically important ones, often vary from 


this generalization (Likens, et al., 1977, pp. 74-76). 
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Specific conductance for the Lower North Everson station ranged from a 
low of 62 ymhos during high spring runoff to a high of 267 pmhos during late 
summer base liga. while the upper station had a reduced range of 58 pmhos to 
142 pmhos. The South Everson station generated higher values that ranged 
from 108 pmhos to 378 pmhos. The relationships between specific conductance 
and stream discharge for the Everson stations were statistically significant 
and are presented in Figures 79-81. Variation in specific conductance with 
stream discharge is partially attributed to seasonal and storm hysteresis 
effects (Gregory and Walling, 1973, pp. 219-225). The ranges in ionic 


concentration for specific ions are presented in Table 18. 


Bacteria Levels 

The concentration of fecal and total coliform in streams draining 
rangeland watersheds is directly related to the number of cattle present, 
their access to the stream, the physical and hydrological characteristics of 
the basin, local weather conditions (Kunkle, 1970; Stephensen and Street, 
1978), and the time of day (Kunkle and Meiman, 1968). Seasonal patterns 
include a spring "flushing" effect during the rising stage (Kunkle and Meiman, 
1968), with high counts during the low flow summer period, counts which often 
continue for some period after the cattle have been removed from the area 
(Stephensen and Street, 1978). This seasonal pattern may briefly be modified 
by local storms which produce their own "flushing" effect, and which may or 
may not be followed by a short term dilution period. 

The concentrations of fecal coliform for the Everson Creek sampling 
stations for the study period are presented in Table 19. Higher values 
occurred during the grazing season, especially with the known presence of 
livestock in the basin. Maximum fecal coliform levels were TNTC, 143, and 


7200 colonies/100 mls respectively for each station. Approximately 58 percent 
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and 67 percent of the sample coliform counts for Lower North Everson and 
South Everson exceeded the 200 colony/100 ml limit of the Montana Water 


Quality Criteria. The Upper North Everson station had no exceptions. 


Comments 

The two sampling years produced two dramatically different annual 
hydrographes owing to very different precipitation patterns. Heavy live- 
stock concentrations along the stream courses, especially in South Everson, 
directly influenced such water quality parameters as sediment concentration 
and fecal coliform levels. There is strong evidence of livestock trampling 
in the wet meadow surrounding the Upper North Everson station. Because 
of the limited number of samples taken and the nature of the hydrochemical 
parameters evaluated, relationships between the water quality characteristics 


of Everson Creek and the Montana Water Quality Criteria cannot be addressed. 


Black Canyon Creek Basin 


The Black Canyon Creek sample basin was visited a total of 16 and 16 
times during the two hydrologic years. Impassable road conditions and 
inclement weather made the upper station inaccessible on several occasions. 
Residual channel ice created some sampling problems during the early spring 
of 1977. The Upper Black Canyon station was monitored 13 and 12 times 


respectively. 


Channel Stability Ratings 

Black Canyon Creek from above the Beaverhead National Forest boundary 
to the Lower station was evaluated on September 1, 1976. This portion of 
the creck was rated as ‘fair' (86) (Table 20). A large beaver pond has been 


created approximately one-half mile above the Lower station since the inventory. 
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Stream Discharge 
The staff-discharge rating curves for the Lower Black Canyon and Upper 
Black Canyon sampling stations are presented in Figures 82 and 83. The 
Lower station channel reach experienced relatively minor modification during 
the two sampling years. The Upper station, however, was radically altered 
during the peak flow of June, 1978. 

The 1977 and 1978 annual hydrographs for the Lower Black Canyon and 
Upper Black Canyon Creek sampling stations are presented in Figures 84-87. 
Peak flow at the Lower Black Canyon station may have occurred over channel 
ice in early April prior to the initial sampling. The peak recorded flow 
was 8.2 cfs in late July and resulted from an unusually active storm period. 
Low flow for the year was 0.85 cfs under channel ice in mid-April. During 
1978, however, an early peak flow of 22 cfs in mid-May preceeded the seasonal 
peak discharge of approximately 57 cfs in mid-June. The lowest recorded 
flow for 1978 was 1.1 cfs the previous November. At the Upper Black Canyon 
station, an estimated peak discharge of 11 cfs was noted in early June, 1977. 
The lowest recorded flow for the year was 1.4 cfs in mid-September. During 
1978, however, an annual peak discharge of 45 cfs was measured in mid-June, 
while the lowest flow was recorded at 1.1 cfs in the previous October. The 
differences noted in flow patterns for the two hydrologic years are largely 
attributed to differences in the annual precipitation and snow melt patterns. 

The respective annual hydrograph data were used to estimate the annual 
water yields for each station (Table 21). In both water years, the estimated 
yield for the Upper Black Canyon was approximately 85 percent of that of the 
Lower Black Canyon station. These values were 1890 acre feet and 3810 acre 
feet for the Lower station and 1590 acre feet and 3330 acre feet for the 
Upper station. Over a two-fold increase in water yield was noted for 1978 


at each station. 
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0.5 5, Log Dis = 0.7088 + 2.1818 (log staff) 
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Stream Discharge (cfs) 


Figure 82. Staff-discharge Rating Curve for the Lower Black Canyon 
Station. 
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Figure 83. Staff-discharge Rating Curve for the Upper Black Canyon Station. 


ez 


) 
nee, 
on 
tore, 
Se a p 
, * 2 ibe Seat) 
~*~ ¢ oa ; 
a 
a 
~ 


ee, oe peed te adap me a ee ee ee, 
OO! 02 


(@0o) sgredseid gene? 


\ ; ei ee : 
; : A we 7 ay et ; 
corsare movin (9448 Jooq) a80 222 ery iqtek 208 opiatoeib-i ter?) be ogi, 


5). 


155 


of G& E eo 


HOnaWZQAWQ NVWAHE WF & 


0600°O 


0000°02 


HAOA° AD 


0000°09 


0000°08 


0000°90T 


0000°O2T 


0000 °0HT 


BngAeAOT 


0000°08T 


0f05°H07 


O€ das $ ony 3 ~3 nae a 3 edyv 4 3 da2 s Hy oaG 3 D Gee re 1) 
~~ ee ee ee, Ce ee et ee ee eee ee eee eee ee eee 
eal il KE Ty if I 27Uu00°O ae 
3 ee ee eee Hy 
3 : ie 
3 b b : 
? e™NAH?O 
: : 7 : = 
3 ; 
3 : 
$ 3 a 
+ 42909°2T 
2 : 
3 tuddu’ol : 
5 ; : t 
8 3 Ss ess 
H H 3 
+ #20F0°b2Z ") 
: : 3 
; : 5 E 
+ sranneac x 
H ° Vv 
3 : ane ier : H 
2 : 3 
; : $ 
+ Z : +43499°9E€. I s 
: 3 G 
3 : w 
; : Y 
+ 72 900°Cb 2 
3 ie : x : 
: : I 
3 846 : s 
+ : : eFo%S° bP 
+ E 4 2ornees peptone 
8 3 
é ; 
8 : : 
¢ : +0u0u0°u9 | 
2g Comoeenee} cave seeee) coeececeos cocecocece} mmescowcen} omeceseeuy coacccos= ¢sceewoeensy coemecorey ceecesccot o ates aon 
.’ 
LL6T = NOARYD NOVI wanoT ey 


soe it  « SONIAVOT LhgWIGdS ONY HeVSDCHGAR TwnNey “78 FaNoTd 


ah 


a“o 


‘ 


4 
Ta 


ade 


6 ti at we me eee gy 


~e6 
a" sara 
oees 


2. #& 


ee ee ee ee ee ee ee enn 
; ce 


Rs 


pd 
* : = ~ 
\ 
€ 
d 
2 a) sisi 1: ie se ens a gig sey aia Nyon ee 
. ® a 
mad tp 
/ 
(* 
on 
: 
~_ 
e 
; - 
| 
" 
Ay a 
{ 
j 
” 
j 
a ee ikem & die ’ ow ek Oe eo te ee ee ee ge ee ee Se eae 
‘ Pi > Meh 4 , 4 ite a is 
« ‘ e a had ' « a 
ly *) i. a . f i = F<) f hi 
: rr * » a. ae - eae ee oe 
~~ al , i Yo ' a = or # i 
tn eT i, ’ A, ee 
‘ , pers i 4 . a i . ey, Mf 
ee Re a Ee 
4 - Oe get ce 
if ah i wi i Pi i — 


f." N _— 7 ar bony 


156 


o€ aas H onv 3 s; nor 3 
wt} © ee poeeen} opoocceoces} oceegoee ¢poepoeqeooea]4 
oOnOReA ‘oe 
t 
Hy 
Smcn 
v0000°0% + 
8 
t 
r 
3 
0000° OP e 
: 
H 
HAHATLO + 
3 z 
w 3 
d : 
d : 
= 0000°068 ? 
3 3 
] G 
3 3 
w vood°rot + 
TI H 
--- GQ H 
a ‘ 
$ 2 
= Hnnnrazt + 
a 8 
3 : 
= = =19 — ——-— 3 
A Hy 
3 o000°O0RT + 
SE, ee : 
s $ 
n + 
s H 
0000°09T + 
: Fy 
Fy 
ee 0000°O8T + 
3 @ 
3 
se 3 e 
3 
Of0R°AO? 
—- =+ 


8 UdW & s @dd 3 ’ 320 % H 
Ts wtenmecen ©2 ef mem ceeeony cee ee meen eoecece yeu) 
ereowrnrrervrere eve - = --- 


BL6T = NOANYD WOVTH ddAa01 


SONIGVOT LysWIUss CNY HEVOLCGOGAH TWANNY 


“Sg aundld 


i! 


@eeeeecoen$ cee ceooons eeceeeseeny coerce oseesy ccesecces} ©oeoeeees} Comeceees feeeeooccon} wcecccace}oocces con} 


Lor 


enyve 


stJuus°u 


ee 22 ee of 


ir a) Yada 


PTR Tar MOR a | 


1s 


J30° ot 


udu ve 


eral aes) 3 


ec ef ©2 co & Of Se ce oe S 2% we oo ee 


en7aroe 


9I92°CP 


ee ce ce co & ©8 oe ce oc & 


rchuceb 


S36'9°7S 


I0u°Oy 


@ D cm ce co of & co co co oe 
c 


QAeHnurteaee oi oe U&N ee 


Ueeo << 


> 
re 


27 


bad 


+h 


: > 
' 
nt as ts 
, 1‘ ¢é 
: \ 
a © Voyager ary 
‘ th 


 . ee ae ee ee | 


a) 


(ae De 7 
See Oe Oe oe al) bed, 


~~ roe ey ; 


157 


! 
oO Zo 


NDVEAWZOAWO NWONHTWFH 


O€ das A ony 3 


enanea 


0000°02 


HAOASAD 


000° AD 


0000°08 


0000°00T 


HHOH° AZT 


0000°0HT 


0000°09T 


004° Hat 


0000°002 


Q t i5c 


ee 
° 


Jd 


8 wad & 


dd¥ 


noe 


= eee qet Cee eeeoe fos} © Peer qeeens SoCo Z7 eT eT e*t SS Sl SSS SS $ SO S8SCe Slee} eoeeceenoe}osoceseoee} coweaqces}ooeqes coat} oe 
: [ I I I ] I #t#5J00°O oe 
3 e me—-e@rr ee Hg Hi — HK— BH eB eX HK HP MH XM Be | 8 Qt 
° e e 
3 e © « u : 
ig *ouuuey 
; z : ee ee 
: : 
$ e@ 3 
e *72200% 
$ : 
3 ns ay s : = 
+ PHAN RY 
: : : 
3 : & = 
3 : 4 
6 49960 °b% 3 
3 _ : 3 : : 
3 4 & 
° : . — 5s : ‘ ine ees = J 3 5 S 
® *rgnnrne t 
3 3 v 
2 : rH : 
3 i 3 3 
: H s 
° 4 to9dU sk I : 
: : a 
2 : 
3 _ : 3 bi 
: : v 
e oP QAne7y 5 
; = H u 
: : J 
$ 3 Ss 
° 7109) ° ob 
Bs Bae Sak ee a ei es i nd pe itp re cee et ae a ae ve See mete Ee er nN Ress H 2 Se res 
8 : 
: : 
° a20C0°bS 
3 : 
g 3 
° o°HAN HO 
of ewoceccoc} ccc cecsen} coc cw cwo ng eocoooc ont ose coos cot eon eceoces coe ecesccy cone sesest coesese cet} oocsescect = Y 
3 4% 
LLOL = NOANYD NOVIE YaddK OO 


= j 5 SONTOYOT LN2WTG3S GNV HAVYOCNQAH TWANNY “98 FaNdId 


~ 


Perey 


ae eee tee 


éks 


oe 


=~? 


es 


a Savers 


: 
ly fomsiang 
} 
4 ; 
frome 6 
‘ { 
‘ i 
ir 
; . 
Ps = 
, 
g iv 
y 
; 
Posemasiomet th et 
i 
2 a 
+ 28 
e 
1% 
| 
ri i 
4 ; 
ra * 
' 
‘ 
A 
’ 
¢ 
+ 
‘ 
a 
’ 
f LJ 
‘ 
r 
’ & 
t 
¥ 
° 4 
\ ; 
w 
5 
a q 
, \ 
pean ¥ 
‘ ; 
i 
q 
a: 
ayy 
«< 
ae 
7 
= 


Few * 


i 


dad hee Se et leek ey ROE eae Name ere ete Fane a a =e 


3 ab rage 


i 
: 
7 7 
~~ 
y 
2 me } 
4 
« 
1 
i 
} 
i 
by 
i 
5 
eo ' Pee ha Sleigh ah eel a ee sal oe oe ee a 
mi : i ri ; 
, « " { 
> % a : 
~ @ ~ 
. 4 * 
' ts x 
a ~ 


era ys) “ 


158 


-OAA Eo 


AonveaWZOAwWwQ NHNWOHTZwAEHe 


O€ das ° ony & © ANAL & 8s dt 3 s Gad 5 3 3a0 8 H ¥. $3 
ny eee ee ee 

onanen ts ] at 
3 ec) ce ee me eee eee eo e- os : 

: a ae t } : 

Cae Bi : 

0000 °02 b + 
$ = 3 

: : 

3 : 

‘ : 

ONOR eo AD LU + 
= wie 3 4 
0000°09 —-> + 
: : 

3 3 

0000°08 » . 
$ . 3 

OANOR° HOT © ~ 2 
: : 

toe a 3 

Li 3 

0000°O2T + + 
=e ; 
O00O°OKE ¢ + 
: 3 

0000°09T » + 
at Fs ian ae eit eae ae G Pe i Rte ER We ee A i eee Se H 

3 H 

- 3 

oraAeAaT + + 
3 : 

: 3 

0000°902 ¢ + 


oy eeeeseoeons coe eoeece} ee oee2e0e 4 Ceeces cane} cmeesceeo} eee secece} cos ese ese }oscecoeoec$} cxeces coe} ceeseeocot 


8L6ET = NOANYO AOVIE USddN 
SONIGYOT LNGWIG3S GNVY HdVYSCUCAH TWANNY “28 FaNSTA 


r 


dudu%u 


ecenea 


AG29°CT 


Faela°et 


090°? 


VIdu Ue 


o 


CAO°GE 


*OrNe7d 


“70° Sb 


vw0I°9S 


e586 os 


ee UO & WM oe 


Qenorea Urn 


Nernet 


w 


Zh5 


FOC 


Bie” 


oo 


i 
ae. 


—_— 


Meta te ina any 


ne 


4 j 
* 
¥ £ 
§ 
5 
’ 
' 
‘ 
' 
fi 
é 
’ 
° 
, 
® * 


a » e 4a 
m 
4 ’ 
» 
4 . 
a . 
ay ‘ 


ae i a gg i ag ne ai es 


Ly 


* Cn: i 


ee BFR! re aie % 7 Ceti ied ea) 


£ ee a 


159 


O°SL 
CYylL 
6 OF 
18°S 


(919e/SqT) 
PTOFA 
JUSUIT pes 


lee 


L6 


60-39 


60°€ 


(79e/-UT) 
yjouny 


“SL6T 


088‘ Ost 
088 ‘7 om 
OG “Zz ZL1 
OCo'Z Tc 
(suo) 
(se190e) PTeTA 
peystioqeM qUOUT PIS 
But jnqgt1s1quoy) pe eutjasy 


LL61 


OcEe “€ 


06S “IT 


O18*€ 


068 ‘1 


(93g = 208) 
PT9FA 
1937eM 

peqeutisy 


861 


ELGA 


8L61 


LL6oT 


reaz 
1972 


uot}ze3sg uodkueRy) 
yoetg aoddy 


uotze4s uodkuer) 
yoeTg 1emoy] 


oueN 
uot 3e4s 


‘uoAue) YORTG IJOF SPTSeTA JUoWTpses pue JsqemM peIeuTAsAZ ‘TZ PTqeL 


eet hunee 


160 

Suspended Sediment 

The annual patterns of sediment concentrations for each station by 
hydrologic year are depicted in Figures 84-87. Suspended sediment concentrations 
at the Lower Black Canyon station ranged from < 5 ppm at low flow to a high 
of 948 ppm, while those for the Upper station ranged from < 5ppm to 126 ppm. 
Higher suspended sediment values were recorded during the 1978 hydrologic 
year when there were higher discharge values. The relationships between 
suspended sediment and stream discharge for each station were statistically 
significant, and are presented in Figures 88 and 89. The variability in 
sediment concentration with stream flow is partially attributed to a seasonal 
effect, specific storm effects, presence of livestock, and to the hysteresis 
effect, whereby peak concentrations of suspended sediment generally occur 
prior to peak runoff during the rising stage (Gregory and Walling, 1973, 
Pp 215-219). Annual sediment yields for the two sample stations were 
estimated from respective water yield and sediment concentration data (Table 
21). The Lower and Upper stations produced approximately 21 tons and 18 
tons of suspended sediment respectively during 1977. These yields were 
increased to 172 tons and 180 tons for the more active 1978 hydrologic year. 
The newly formed beaver pond above the Lower station is believed to have 


influenced that station's sediment yield values. 


Hydrochemical Parameters 

The concentration of dissolved solids is inversely related to stream 
discharge so that lower concentrations occur during periods of high runoff, 
while higher concentrations are found during periods of low summer base flow 
(Gunnerson, 1967; Gregory and Walling, 1973, pp. 219-225). Patterns for 
specific ions, especially the ecologically important ones, often vary from 


this generalization (Likens, et al., 1977, pp. 74-76). 
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Specific conductance for the Lower Black Canyon station ranged from a 
low of 65 pmhos during high spring runoff to a high of 185 pmhos during 
summer base anes The Upper Black Canyon station exhibited a similar pattern, 
values ranging from 55 pmhos to a high of 164 »mhos. The relationships 
between specific conductance and stream discharge for each station were 
statistically significant and are presented in Figures 90 and 91. Variation 
in specific conductance with stream discharge is partially attributed to 
seasonal and storm hysteresis effects (Gregory and Walling, 1973, pp. 219-225). 


The ranges in ionic concentration for specific ions are presented in Table 22. 


Bacteria Levels 

The concentration of fecal and total coliform in streams draining 
rangeland watersheds is directly related to the number of cattle present, 
their access to the stream, the physical and hydrological characteristics 
of the basin, local weather conditions (Kunkle, 1970; Stephensen and Street, 
1978), and the time of day (Kunkle and Meiman, 1968). Seasonal patterns 
include a spring "flushing" effect during the rising state (Kunkle and 
Meiman, 1968), with high counts during the low flow summer period, counts 
which often continue for some period after the cattle have been removed from 
the area (Stephensen and Street, 1978). This seasonal pattern may briefly 
be modified by local storms which produce their own "flushing" effect, and 
which may or may not be followed by a short term dilution period. 

The concentrations of fecal coliform for the Lower and Upper Black 
Canyon stations for the study period are presented in Table 23. Higher values 
occurred during the grazing season, especially with the known presence of 
livestock. Maximum fecal coliform levels were 292 and 266 colonies/100 mls 


respectively for each station. Approximately 15 percent and 8 percent of 
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Table 22. Ranges of Hydrochemical Characteristics of the Black Canyon 
Watershed Sampling Stations, 1977 - 1978. 


Lower Upper 

Black Canyon Black Canyon 
pH #00 = 7.82 6.93 = 7.290 
Alkalinity (Caco,,) (mg/1) 41 - 101 Sf wn a0 
Specific Conductance (pmhos) 65 - 185 55 - 164 
Total Dissolved Solids (mg/1) 42 - 120 36 - 107 
Car (ng / 1) 12 *— 25 12 =e. 22 
Mg (mg/1) se ee LS = Ok 
Na (mg/1) 255 c=. Bed Delt ba aee 
K (mg/1) O.95 =—U3el Orbs as IF 
HCO, (mg/1) 49 - 123 44 - 98 
SO, (mg/1) 1 - 6 Zr 7 =Oee 
NH, (mg/1) £40.01 + 0.10 0.0L -— (0.68) 
NO, + NO, - N (mg/1) <0.01 - 0.08 00) \n=") 0523 
PO (OrtBo) - P (mg/1) 0.002 - 0.036 0.001 - 0.026 


ih 


oo! 


neve: 


Sela ot tu eatiatxeto 


Bt. a aon? teeth 


tt j \ 


BORE ™ Wher 


darren ny i ty 


Po: 


eres) 


a Gptdomal) secu subme alf 
ltt (f\am) abi ted hevlomad 


ab SA et | 
fhm Poe - 


oe ee CA ge 
or t} {} ey \‘on) q = 


Table 23. Fecal Coliform Counts (colonies/ 100 mls) 


Canyon Sampling Stations, 1977 - 1978. 


April 
May 

June 

July 
August 
September 
October 


November 


x Stock visually present. 


(?) Stock presence uncertain. 


Lower 
Black Canyon 
1977 1978 
< 10 
2 5 
292* 93 
91* 89% 
46% 241% 
11* 17147) 
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the sample coliform counts exceeded the 200 colony/100 ml limit of the 
Montana Water Quality Criteria. Low values were primarily associated with 


the spring and fall seasons. 


Comments 

The differences in the flow regimes between the two sample years explain 
the over two-fold increase in water yield during 1978. The high peak flow of 
June, 1978 moved considerable bed load. Fresh stream gravel deposits are 
common along much of the watercourse. The Lower station may have been 
spared such alteration owing to the nearly formed beaver pond. Livestock 
along the lower stream course, however, apparently contributed to elevated 
sediment concentration and fecal coliform levels. Because of the limited 
number of uh aee taken and the nature of the hydrochemical parameters 
evaluated, relationships between the water quality of Black Canyon Creek and 


the Montana Water Quality Criteria cannot be addressed. 


Nip and Tuck Creek Basin 


The Nip and Tuck Creek sample basin was visited a total of 15 and 1/7 times 
during the two hydrologic years. Impassable road conditions and inclement 
weather made the Upper station inaccessible on several occasions. The Upper 


Nip and Tuck station was monitored 13 and 11 times respectively. 


Channel Stability Ratings 
The portion of Nip and Tuck from above the Beaverhead National Forest 
boundary to the Bannock Pass road was evaluated on September 1, 19/76. The 


ereek was rated as ‘fair’ (94) (Table 24). 
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Stream Discharge 

The staff-discharge rating curves for the Lower Nip and Tuck and Upper 
Nip and Tuck sampling stations are presented in Figures 92 and 93. The 
gauging sites remained nearly stable during the two sampling years. Channel 
bed conditions created a threshold value in the staff-discharge rating curve 
at low flow values for the Upper station. 

The 1977 and 1978 annual hydrographs for the Lower Nip and Tuck and 
Upper Nip and Tuck Creek sampling stations are presented in Figures 94-97. 
Peak flow during 1977 at the Lower Nip and Tuck station apparently occurred 
in late April at 3.4 cfs, although a higher flow may have taken place prior 
to the first sampling visit. The lowest recorded flow during 1977 was only 
0.54 cfs during September. The 1978 year produced an early peak flow at 8.8 
cfs in mid-May which preceeded the seasonal peak discharge of approximately 
12 cfs in mid-June. The lowest recorded flow for 1978 was 0.54 cfs in early 
May. The Upper Nip and Tuck station exhibited a nearly constant flow pattern 
for 1977, although a definitive annual peak discharge may have occurred prior 
to the initial sampling visit. The flow regime ranged from 1.3 cfs to 0.43 
cfs for 1977. During 1978, however, a crest stage flow of 9.5 occurred in 
mid-June, while the lowest flow was recorded at 0.57 cfs in the previous 
October. The differences noted in flow patterns for the two hydrologic 
years are largely attributed to differences in the annual precipitation and 
snow melt patterns. 

The respective annual hydrograph data were used to estimate the annual 
water yields for each station (Table 25). Water yields for Lower and Upper 
Nip and Tuck for 1977 were estimated at 8/9 acre feet and614 acre feet 
respectively. These values incrased in 1978 to 977 acre feet and 865 acre 


feet. 
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Figure 92. 


Log: Dis. = 1.2709 + 2.2033 (log staff) 


Stream Discharge (cfs) 


Staff-discharge Rating Curve for the Lower Nip and Tuck Station. 
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Staff Gauge (ft.) 


Figure 93. 


Log Dis = 1.3341 + 4.4249 (log staff) 


Log Dis = 0.5404 + 1.7256 (log staff) 
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Stream Discharge (cfs) 


Staff-discharge Rating Curve for the Upper Nip and Tuck 
Station. 
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Suspended Sediment 

The annual patterns of sediment concentrations for each station by 
hydrologic year are depicted in Figures 94-97. Suspended sediment concentra- 
tions at the Lower Nip and Tuck station ranged from <5 ppm at low flow to a 
high of 251 ppm, while those for the Upper station ranged from <5 ppm to 
276 ppm. The relationships between suspended sediment and stream discharge 
for each station were statistically significant, and are presented in Figures 
98 and 99. The variability in sediment concentration with stream flow is 
partially attributed to a seasonal effect, specific storm effects, and to 
the hysteresis effect, whereby peak concentrations of suspended sediment 
generally occur prior to peak runoff during the rising stage (Gregory and 
Walling, 1973, pp. 215-219). Annual sediment yields for the two sample 
stations were estimated from respective water yield and sediment concentration 
data (Table 25). The Lower and Upper stations produced approximately 54 
tons and 18 tons of suspended sediment respectively during 1977. These 
yields were increased to 116 tons and 79 tons for the more active 1978 


hydrologic year. 


Hydrochemical Parameters 

The concentration of dissolved solids is inversely related to stream 
discharge so that lower concentrations occur during periods of high runoff, 
while higher concentrations are found during periods of low summer base flow 
(Gunnerson, 1967; Gregory and Walling, 1973, pp. 219-225). Patterns for 
specific ions, especially the ecologically important ones, often vary from 


this generalization (Likens, et al., 1977, pp. 74-76). 
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Specific ponduct ance for the Lower Nip and Tuck station ranged from a 
low of 82 aioe during high spring runoff to a high of 177 pmhos during 
summer base flow. The Upper Nip and Tuck station exhibited a similar pattern, 
values ranging from 76 »mhos to a high of 168 pmhos. The relationships 
between specific conductance and stream discharge for each station were 
statistically significant and are presented in Figures 100 and 101. Variation 
in specific conductance with stream discharge is partially attributed to 
seasonal and storm hysteresis effects (Gregory and Walling, 1973, pp. 219- 
225). The ranges in ionic concentration for specific ions are presented in 


TabileyZ6. 


Bacteria Levels 

The concentration of fecal and total coliform in streams draining 
rangeland warensheds is directly related to the number of cattle present, 
their access to the stream, the physical and hydrological characteristics 
of the basin, local weather conditions (Kunkle, 1970; Stephensen and Street, 
1978), and the time of day (Kunkle and Meiman, 1968). Seasonal patterns 
include a spring "flushing" effect during the rising stage (Kunkle and Meiman, 
1968), with high counts during the low flow summer period, counts which often 
continue for some period after the cattle have been removed from the area 
(Stephensen and Street, 1978). This seasonal pattern may briefly be modified 
by local storms which produce their own "flushing" effect, and which may or 
may not be followed by a short term dilution period. 

The concentrations of fecal coliform for the Lower and Upper Nip and 
Tuck stations for the study period are presented in Table 27. Higher values 
occurred during the grazing season, especially with the known presence of 
livestock. Maximum fecal coliform levels were1600 and1290 colonies/100 mls 


respectively for each station. Approximately 54 percent and 64 percent of 
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Table 26. Hydrochemical Characteristics of the Nip and Tuck Watershed 
Sampling Stations, 1977 - 1978. 
Lower 
Nip & Tuck 
pH 4230: = .8..39 
Alkalinity (Caco,,) (mg/1) 54 - 99 
Specific Conductance (jmhos) 82 - 177 
Total Dissolved Solids (mg/1) 53 = 115 
Ca> (mg / 1) 14 - 29 
Mg (mg/1) 4.6 - 8.0 
Na (mg/1) 30. = SeJ 
K (mg/1) O262 =—"2.8 
HCO, (mg/1) 65 - 121 
sO, (mg/1) Di rently 
NH, (mg/1) <0.01 - 0.21 
NO, + NO, - N (mg/1) <0.01 - 0.09 


PO), (Grtho) - P (mg/1) 


Upper 
Nip & Tuck 
6.89 - 7.80 
51 - 88 
76 - 168 
49 - 109 
14 - 24 
4.9 - 9.4 
330° = 427 
0.80 - 2.4 
61 - 107 
1-4 
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Table 27. 


April 

May 

June 

July 
August 
September 
October 


November 


* Stock visually present. 


(?) Stock presence uncertain. 
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Fecat Coliform Counts (colonies/100 mls) for the Nip and Tuck 
Watershed Sampling Stations, 1977 - 1978. 


Lower 
Nip & Tuck 
LST 7 19:78 
10 

£2 16 
1G?) 117 
1600* 5451(7) 
1200* 667% 
760% 267% 
150 

325 


Upper 
Nip & Tuck 

vor 7 1978 

20 
Gale Tis 
542(?2) 62% 
1180* 1290* 
460% DISCS) 
660(?) 153-7 ) 
205 
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the sample coliform counts exceeded the 200 colony/100 ml limit of the 
Montana Water Quality Criteria. The lower values were generally associated 


with the spring season. 


Comments 

Water yields for the 1978 hydrologic year were not substantially 
increased. This may be caused, in part, by differences in the winter flow 
estimates and by the timing of the sampling. Flow regimes, however, between 
the two sample years were quite different, with higher sediment yields being 
generated during the more hydrologically active 1978 year. The two stations 
are quite Simthar-tyadrochemd cally. The presence of cattle along the stream 
course and its immediate environs is documented by the elevated fecal coliform 
levels. Because of the limited number of samples taken and the nature of the 
hydrochemical parameters evaluated, relationships between the water quality 
of Nip and Tuck Creek and the Montana Water Quality Criteria cannot be 


addressed. 


Divide Creek Basin 


The Divide Creek sample basin was visited a total of 16 and 16 times 
during the two hydrologic years. There were not specific accessibility or 


sampling problems. 


Channel Stability Ratings 

The North Divide Creek and South Divide Creek stream sections were 
evaluated on September 1, 1976. East segment extended from the Bannock Pass 
road to above the Beaverhead National Forest boundary. North Divide Creek 
was rated as 'fair' (82) (Table 28), and South Divide Creek as ‘good' (73) 


(Table 29). 
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Precipitation 

Precipitation was measured at the North Divide precipitation station 
from April 23 through November 11, 1977 and from April 20 through September 
13, 1978. The general precipitation patterns during these two fiscal years 
are compared to those of the Dillon and Lima weather stations (Figure 102). 
While both years indicate high precipitation for May, the high July peak is 


absent in 1978 at the North Divide station. 


Stream Discharge 

The staff-discharge rating curves for the North Divide and South Divide 
sampling stations are presented in Figures 103 and 104. The gauging sites 
remained stable during the two sampling years. Channel bed conditions at the 
South Divide station created a threshold at low flow values. 

The 1977 and 1978 annual hydrographs for the North Divide and South 
Divide sampling stations are presented in Figures 105-108. Two early peak 
flows of 4.0 cfs and 4.2 cfs were noted for North Divide in late April and 
late May. An earlier peak may have occurred prior to initial sampling. The 
annual peak of 5.4 cfs occurred in late July subsequent to an intense period 
of precipitation. The lowest recorded flow during 1977 was only 0.23 cfs 
during late September. The 1978 year produced an early peak flow of 5.7 cfs 
in late May which preceeded the seasonal peak discharge of approximately 
8.4 cfs in mid-June. The lowest recorded flow for 1978 was 0.26 cfs during 
the previous October. The South Divide station exhibited similar patterns. 
An estimated peak discharge of 3.0 cfs was noted in late June, 19/77, with 
the annual peak of 3.8 cfs occurring in late July. The lowest recorded flow 
for the year was 1.0 cfs in mid-September. During 1978, however, an annual 


peak flow of 12 cfs was indicated for mid-June, while the lowest flow was 
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Figure 103. 
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= 1.4099 + 2.5971 (log staff) 


Stream Discharge (cfs) 


Staff-discharge Rating Curve for the North Divide Station. 
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Log Dis = 0.9989 + 1.6348 (log staff) 


Log Dis + 0.5434 + 0.6332 (log staff) 


Figure 104. 


Stream Discharge (cfs) 


Staff-discharge Rating Curve for the South Divide Station. 
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recorded at 0.69 cfs in mid-April. The differences noted in flow patterns 
for the two hydrologic years are largely attributed to differences in the 
annual precipitation and snow melt patterns. 

The respective annual hydrograph data were used to estimate the annual 
water yields for each station (Table 30). In both water years, the estimated 
yield for the South Divide station was 2.3 fold that of the North Divide 
station. These values approximated 946 acre feet and 410 acre feet for 1977, 
which increased to 1600 acre feet and 695 acre feet for 1978. A 70 percent 


increase in water yield was noted for 1978 at each station. 


Suspended Sediment 

The annual patterns of sediment concentrations for each station by 
hydrologic year are depicted in Figures 105-108. Suspended sediment 
concentrations at the North Divide station ranged from 6 ppm to 243 ppm, 
while those for the South Divide station ranged from <5 ppm to 92 ppm. 
The relationships between suspended sediment and stream discharge for each 
station were statistically significant, and are presented in Figures 109 
and 110. The variability in sediment concentration with stream flow is 
partially attributed to a seasonal effect, specific storm effects, and to 
the hysteresis effect, whereby peak concentrations of suspended sediment 
generally occur prior to peak runoff during the rising stage (Gregory and 
Walling, 1973, pp. 215-219). Annual sediment yields for the two sample 
stations were estimated from respective water yield and sediment concentration 
data (Table 30). The North and South Divide stations produced approximately 
24 tons and 16 tons of suspended sediment respectively during 1977. These 
yields were increased to 49 tons and 60 tons for the more active 1978 


hydrologic year. Sediment yield for North Divide doubled over the two 
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sample years, while South Divide data indicates a four fold increase. 


Hydrochemical Parameters 

The concentration of dissolved solids is inversely related to stream 
discharge so that lower concentrations occur during periods of high runoff, 
while higher concentrations are found during periods of low summer base flow 
(Gunnerson, 1967; Gregory and Walling, 1973, pp. 219-225). Patterns for 
specific ions, especially the ecologically important ones, often vary from 
this generalization (Likens, et al., 1977, pp. 74-76). 

Specific conductance for the North Divide station ranged from a low of 
27 pmhos during high spring runoff to a high of 51 umhos during summer base 
flow. The South Divide station exhibited a similar pattern, values ranging 
from 35 upmhos to a high of 68 pmhos. The relationships between specific 
conductance and stream discharge for each station were statistically signifi- 
cant and are presented in Figures 111 and 112. Variation in specific 
conductance with stream discharge is partially attributed to seasonal and 
storm hysteresis effects (Gregory and Walling, 1973, pp. 219-225). The 


ranges in ionic concentration for specific ions are presented in Table 31. 


Bacterial Levels 

The concentration of fecal and total coliform in streams draining 
rangeland watersheds is directly related to the number of cattle present, 
their access to the stream, the physical and hydrological characteristics 
of the basin, local weather conditions (Kunkle, 1970; Stephensen and Street, 
1978), and the time of day (Kunkle and Meiman, 1968). Seasonal patterns 
include a spring "flushing" effect during the rising stage (Kunkle and 
Meiman, 1968), with high counts during the low flow summer period, counts 


which often continue for some period after the cattle have been removed 
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Table 31. Ranges of Hydrochemical Characteristics of the Divide Watershed 
Sampling Stations, 1977 - 1978. 


North Divide South Divide 
pH 6.00 - 7.42 6340) = 7253 
Alkalinity (CaCO, ) (mg/1) 13 - 23 18 - 43 
Specific Conductance (ymhos) 27 - 51 35 - 68 
Total Dissolved Solids (mg/1) 13’ =>33 23 - 44 
Cao Gng/ 1) 2D. =. Oe 3 6.5 - ll 
Mg (mg/1) 0.93 - 1.7 1.4 - 2.0 
Na (mg/1) LeoSeez2e 7 1.00 =i 255 
K (mg/1) 0.52 - 1.6 O27 = a7 
HCO, (mg/1) 15-= 28 22 252 
SO, (mg/1) 2-4 1-4 
NH (mg/1) 4 0:01-=0522 <= 0.01 - 0.09 
NO, + NO, - N (mg/1) <0.01 - 0.13 < 0.01 = 0239 
PO (Orne) -P (mg/1) 0.034 - 0.092 0.021 - 0.069 
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from the area (Stephensen and Street, 1978). This seasonal pattern may 


briefly be modified by local storms which produce their 
effect, and which may or may not be followed by a short 
The concentrations of fecal coliform for the North 


sampling stations for the study period are presented in 


values occurred during and following the grazing season. 


own "flushing" 

term dilution period. 
and South Divide 
Table 32. Higher 


High fecal coliform 


levels are indicated for South Divide, although cattle were not in evidence 


in the vicinity of the station site. Maximum fecal coliform levels were 


>1500 and %1500 colonies/100 mls respectively for each 


69 percent and 62 percent of the sample coliform counts 


station. Approximately 


exceeded the 200 


colony/100 ml limit of the Montana Water Quality Criteria. A spring'"flush'"! 


may be in evidence at both stations during the 1978 sample year. 


Comments 
Although water yields increased 2.3 fold from 1977 


Divide sampling stations, sediment yields increased two 


to 1978 for both 


fold and four fold 


for the North and South stations respectively. The effect of a timer 


harvesting operation in the Divide Creek basin upon the 


respective sediment 


yields is not known. Both North and South Divide Creeks had elevated fecal 


coliform levels for over 60 percent of the sampling visits. Because of the 


limited number of samples taken and the nature of the hydrochemical parameters 


evaluated, however, specific relationships between the water quality 


characteristics of Divide Creek and the Montana Water Quality criteria 


cannot be addressed. 
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Fecal Coliform Counts (colonies/100 mls) for the Divide Watershed 


Sampling Stations, 1977 - 1978. 


North Divide 


LO. 1978 
10 
i 264 

TNTC(?) 20 
810% 1390(?) 
1540% 267 (2) 
859% 1060 
25 

373 


* Stock visually present. 


(?) Stock presence uncertain. 


South Divide 


1977 


10 
TNTC (?) 
820(?) 
330'(7) 
425(?) 

510 


970 


1978 
145 
87 
65% 
115(7) 
1500(?) 


417(?) 
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Jett Davis Creek Basin 


The Jeff. Davis Creek sampling basin was visited a total of 16 and 19 
times during the two hydrologic years. There were no specific accessibility 
or sampling problems. The Upper Jeff Davis station was monitored 15 and 1/7 


times respectively 


Channel Stability Ratings 
Jeff Davis Creek was evaluated on September 2, 1976. The segment 
from the Bannock Pass road to one half mile above the Beaverhead National 


Forest boundary was rated as 'good' (65) (Table 33). 


Precipitation 

Precipitation was measured at the Upper Jeff Davis precipitation 
station from April 23 through November 11, 1977 and from April 6 through 
September 13, 1978. The general precipitation patterns during these two 
fiscal years are compared to those of the Dillon and Lima weather stations 
(Figure 113). Although the 1977 data indicate high precipitation for May 


and July, more total precipitation fell during the 1978 field season. 


Stream Discharge 

The staff-discharge rating curves for the Lower Jeff Davis and Upper 
Jeff Davis sampling stations are presented in Figures 114 and 115. The 
gauging sites remained stable during the two sampling years, except for some 
minor channel erosion at the Lower station. 

The 1977 and 1978 annual hydrographs for the Lower Jeff Davis and Upper 
Jeff Davis Creek sampling stations are presented in Figures 116-119. Peak 


flow during 1977 at the Lower station apparently occurred in early June at 


Gn 


a | ne 


wy 
“i Vis 


* 


esd gnhigame. 2 


v 


tye 


92 oli bye wy 


oan 


tow 


aon” ae anced | 


108 Vee 


PCr i) Satved Yast 


bs 
ay 
j 


ia md ; and morse) 


m 


208 


9) $-0062-Te ; : “IOOd@4STT “ATCA YTI-Ld ‘POOCD= 9L-GE *IUOT[22xqeOgED 130 21038 Yoeoy 
; "Cop aay | ae a +Je°9 + = °3)°819Y 01098 Yove1 10302 B 103 UUMIOD Yr2e2 UT Ban{oA Eq PpY 
? _—— 
ne loo | 9 | L$ j— ere ome] —_STYLOL 81109 
Gold 3q S aootq ow i HOLE 5 ew suDoTq [es "sid 935; TAs pue od fay" "O05 JayeA ws Ul “Teyuu. Sely 9 G60 
yaoys ‘ussiB-vnojja, °juesqe ‘@)) -BOsedg “sV2IT JsJBAyIeq UT'(Z)| BsOW °GvaaV [ood 9 AZ}SOTAA, (1), -1ed ‘uacz13 yavp %ay}] ssow BO}20I9BIaA 
a 20 adivoe caddhy [etuuaIag | Ay asow '4y30de ynq uasoig, MOT UZ susoy [VI{y “uo | Aj2B2e] yyorg *quepungy azamby Buyfuyy 


s[ood jo 3 Tis euds 
*spuaq pus *suoyzys7T13sU0D 
*suorjzonigsqo yu 3noIs 9 
sjy}sodaq *pea..eazjje %0S-0£ 


sjood u 1lOF3 Tsodap| 

amog *uadaaqs sapel3| 
az2ayA pues $u0}22423sU09!' (9) 
JB ANOIG °pIII3zZzIB YOCHS 


*Buopaeek A{Ivau 
$2) aaueyo 30 XMTJ JO JJBIS © UTN(ET 
@0320q 92 JO YOS URYI aI0,' 
““OS-0Z SLetIsyeW 371 CRIS; 


“407-0 STB }AFIED eT QrIS 
9/ taduvy> vopingpasse paxzen||(71) *sazts uy asusyd aqerapo;x 


*paaom AL }sea “Quamjiossel *deyiaao quoiedde ou yajnj 
8. asooy *quaptaa Suz ord on 5(9) QUacQiosse asooy B ATISOK"! 
*6a9033N6 peinors 10 pasodxa; “769-6 at 
e469 fay3t3aq A azeutmopeid ({)) 

*4Q00us sacctjans ‘suojs 
-uanjp TTB Uy papuno2 {Jaq} (C) 


°uoyza}Tsodap U0 t3Fsodag 
pue Suyinods kq paj2a3j3e pus Zuzinods| 
wO33Oq aYI JO YS UFYI 6Sa7 
“ZOOT-GB S1P1299eQ 21 qQeIS 
*3ystTs azTYs uoy3Ngt33s$7G), )| °Juapyae sazyjs uy agsueyr on 
*duydde[iaao0 awos *Suyddej,iaao 1o/pue pexsed 
yaa pa»sed ea AI IGIJI sazis paqiossy 
Baoejans PYysyaq {SC OF ni. | * aystIaq, you “vey “pauyere 
aavy Aew 3nq TINP ATISOK'(T)] 320 ‘pauayxaep “{I[Np sadzzans 
°3BT5 9 YIOoMs sorejINs/ *pauaysnol sadejans eueyd) 
*sa3pa 9 siaur0> papunoy)(T) *‘giaui0o> pue sagpa davus|j 


STIPIIIFW 21Q09S JUsIIeqg 
BOFINGIAISIG 227ts BOI 

: BUPHIeG 2] I; I1eg 
10 uO} ePyT{Osuo 


BsauqyZyIg 


"suofsuawyp OAJ Uy pa: 
=punois [[an 6sa8pa 9 siaui0)' 


Ayyaapnsuy ¥30 


OTeaap Ifq payerajtoooy 
af *sapotqied auyjy ApTaqeujzeop!(7] 


“sluq Mau amos puB plo! 
uo pues asieod 9 [aae2g" 


251803) 
“mO13 sow *u01}Bm2103 |!( 7) 


*sirq qujod 30 [auuey> jo! uo}3}s80daq 


2aid 30 sqrisodap asatsuayxy Aau JO uoTITsodap ajelapo, ! 4bq UT seaizuy mau auog!! Juaww5ieqpuo ou 36 aq3344! 
*Juendeij Sssueyiaro jO oan} . *JuapyAs suyuenots puE. n oq Avo suueg ARYy LTerauss yayy ,.g ueys, 
9, e11ty °Y8ty ,9Z Jaao amsj (71 s3usywiaao Jew jooy *y3ty, *SUOTJOTIIJSUOD Y saAINdyno!'(y)! SsayT syueq mel quanbaa uy! Buy aan 
*san> snonujjuo> Isouly u7Z-,,2T SIND "WEIFZIUIIS : Je AT JuIIIWIdQUI ‘amos’ } *JuaptTAs auou 20 a73IIW 
*Suyina30 *spood jo SFurzyT1jy puev *uwIytj Ssaqt pue: *uoT3z1sodap,; 
vOTIBIZW JTauueyd “TI{ny Suy3Ind yuvg Buzsned rajzen (2) Zanau 6103231 jap pure suoy ao 3uy33Nn> anoya wi! sdeiy yuastpas 
9 sdeiz *pag °Suojaeak uo¥s5(9) Q3TYyY YI eaow 6109927 Jap 2 2onizeqg *8uy{{IjZ [ood soujzw} (Zz) a1 QeIs satjj11 9 Jood 30 810399]1J2q AOTY 
2013 xLeG asNBd $103.21 jap suoj22nI3sqQo atqeysun AT aQe! '  pue $3uaiIn3d ssoid aAjysoza uiajaed moTy *pappaqua, Su0TIIAIIBaD 
pue svot3dnIIWEQO YUoONbaIy e22pom *quenda1y Ata QrAapoy | | Buysned *juaseid swos! A{w1t3 sfoy plo *sys0y 
S62T 10 ,f-] “saz}s Tones *SSU[> JajJautip n=l *ucl-9 8TQQO2 OF S19PT NOG) “snolaumu + 7] Siap{noq,, 3U2{U0D y>0y queg. 
g JO syuaw8e2y 4202 yoz > 4 (9) {aua UT asow uIIN * 740% 03 oz {>}! Itews AT sow 69 03 O41(Z) aepngue Sartrey yatA + 46g|i 
Sc-ST OF3eI G/m “Spoozysy: ST-8 OFFeT, | C> ot3sel G7 “peutyal) j 
$ "$Z7< OT2e1 G/M *UOuNDd](¢) yUeGIaAO TBUOTSeIIQ *sHRad Q) (G/A) Yyadag 02 YIptmM °%aae2 | 2UOD SMOT} Cag *eoseaizuy|| Aqyyoedey qauueya 


GAOT) 4LEGI2AO “a ieNbapev] quosoid sutequod ATo1eg; SAOTjJ HUBQGIAaAGQ *aqenbapy) 


) a 
SINVa Yao] “TE 


auos sntd juasaid 103 ayduy’ 


Ssew JOOI MOT [OYE pug 


*ssew Oor sRoRUTIUODSTpY ssew 3001 daap 


*snonutquosstp ‘100d aed pue AOTTeYs AarYyAawos e WIO 20 asuap ssaq e s3se88ns, *ssew 3001 asuap ‘daap!! uo} e223aq | 

2h Saloeds 1anaj [][IIsS pu 2081A TaMoyT 10 6aj;oads. fC) @ sjsadans Ayaties pug) na 33) | 
2031A Janoy *Ay1suap %O4-0¢ quejd aamay *Aaisuap ¥06-01° 20814 *Aisuap quetd + 706" 401391019 yUEeY 

“Tui searsuy yiog Sit! "SqQuiy pue SSIAIy "Bare Tauveysd aqetpauwt, 8222690 919070073) 

; aZ1S pur awn{oA *quasalg! Tlews AT sow 3nq juasarg! (Z) worl] quasqe AT Telquassa| [oIIuaI0g wer sTIQGaAq 
“awPes JO Jaduep Juouruwl Tsn0]; yaiy suranp TaaeA Aq? *TB}JuaIod aN ny | TS] ,uveyd out Sur sen (1eJ3uay0g 20 3uy354xQ) 

Bf! WO Buotieek Ajaeay yuow!pasj(6) Papoi12 sjods mari auos iG Moy ‘3aA0 payeay AT ISOK; (C) SSePw aINjn) 3203 1e}2uaqcd |} Suyasen ese 

Buisned ‘adiey 20 Quanbaig} *az1s 9 Aduanba1y ereAapo; | 4}, ews Alan 10/pue yvanbarjuy te ysed Jo aauaptaa on, u A 
09-07 IAPUAS sdoTs HUEG YY ZOe- OF datpras adoys yuegy (Zz) UOC) avelpean odoys yueg. adoys wiojpue 
i wiVa \ i = doo 4IN34713 9X3 (es SHNYE YsiddN “I 


sosse{9) Aq si0qedjpuy 431] 4 78I5 


94/7/6 
syaeq 33°L 


WdOd NOILVAIVAZ TldId ALITIGVLS TANNVU €€ eTgeL DdmM@oDe s0dE00 


- om = ss: 4 

. anne 
i ean 5 J ToT Phe leesp ohms ar ' 
: ‘| od ae ee ee igtenar cre i es 
- hoherye- atege vet ates. fey A mee © hsteer 92 


ee eo i ies, te MAT 2= 
mee tae wectow ks wit} Liste eae fet wip ee = 
- s 


=T aS yr. , 
Pa ates 1-240 ae 
: a eg 


ot Fesadyes 

ii AE Oey dys SH 92 < es << 
-VeRen siead ur? nas scr ae Fa ; ee 

antetes amen) 10 3ie ona faa - _ ving g® saad? G6 Gereegt = é: exe ape a 


: S 
: hte val iene Teter 0 eo T = test gual 2508 a | aS <a 
Shien ee FORD ere I — eee Ee | ae : 
r 
7 a a ee ee a ee = —_ — 


oho 
sentive 


eget? 292 «46 


Bema Sd Je>eeds “ere S9os Lite 5 Pitas ° 7S weer sh teelisct te was a STIs ee ta s)) 
; _£ ia , - ; : 08 
7a > FT pacha plane iene 4 Pome ot nd fe = Me ies = : . < 2642) 
- Le ; +, ies 4 1 Same mt A ; au° oe 3 2 ‘i= 4 a ee de see Sp 
wd he’s ge eR yew eee US? . | tego fF . oe [Pe “hoe Streep) be eeet ic 3 } eGiad Ges PAL 
“ i] } "a — ih coe “ait “ ee: - a ‘SF = . e : - fl ) 
i pc a IER Seep eNS Bo eer? si cctarap ES. ee Pete te NS | pe 35ers oe ~. Sige Say Wade 
: ms TOS te Gthecrest we sists 26 ya ets ksgeey ” 5 sy , : Leelee? Es aS - & 
‘ S (46 oleeet cee <hais F a 2 f i tel oas a of 
= : a r nboeegel 75.93. ood: inter 1h nite eeal = eo J aj 2-4-5 
4 belo pe tit me Sl o£ aa 2 = 
= . > 3 7 — 
5 wa ul " ‘, — 
2% 4 . 
eakell = ~ = prt. e a. - —s 
es 4 beh. bo) = » $ = em 
i mata. . E ‘54. 
E : ’ j _ e a = 
= bd is< 
ik ie 24 : f . im 
°c ulke * oz BS = 
hawt G sd 
me — “oe = S. 
: ‘ieee = ink kes " : 
t. af ¥ 
s ba - 
Sei . 3 
_ = 
« 4 ; : . 


209 


5 0 
z z 
(g0°Z1) eee ie 
o) var ‘ 
wT Sietl We woe ae ae ae 
6 
i] 
! | 
uot 3eIs 
: wot eIfdpoeI1g 
BTAeqg jyzer szeddy 
e € 
(6€°IT) 
(41°21) 
*B3eq uoy eazy ve1g 
S syaeg jger aeddn ET] ean3tg 


(06°2) 


926T 


L61 cL6t 


(UF) Ldd 


uot3eIS 
tay 3eam 
eut tT 


uof zeIs 
A94Iea4 
uoTTTd 


ae 


te 
~ ot ne 
«one 
' 
f 
An 
"ei, 
i 
a 
i 
f > 
—T pareven 
° 
r 1 
rs 


Staff Gauge (ft.) 
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Log Dis = 1.206 + 2.135 (log staff) 


Stream Discharge (cfs) 


Figure 114. Staff-discharge Rating Curve for the Lower Jeff Davis 
Station. 
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Figure 115. 


Log Dis = 1.2747 + 1.7329. (log staff) 
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Stream Discharge (cfs) 


Staff-discharge Rating Curve for the Upper Jeff Davis 
Station. 
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an estimated crest stage value of 5.6 cfs, although a higher discharge may 
have occurred prior to the first sampling visit. The lowest recorded flow 
during 1977 was only 0.98 cfs during late September. The 1978 seasonal peak 
discharge of 16 cfs occurred in early June. The lowest recorded flow for 
1978 was 1.2 cfs in mid-October, early April, and mid-August. The Upper 
Jeff Davis station data indicate an estimated peak discharge of 11 cfs in 
mid-April, 1977, although a higher flow may have occurred previously. The 
lowest recorded flow for the year was 0.96 cfs in late August. In 1978, an 
annual peak flow of 13 cfs occurred in early June, while the lowest flow was 
recorded at 1.2 cfs for October, early April, and late April. The differences 
noted in flow patterns for the two hydrologic years are largely attributed 
to differences in the annual precipitation and snow melt patterns. 

The respective annual hydrograph data were used to estimate the annual 
water yields for each station (Table 34). In both years, the estimated 
water yields for the two Jeff Davis stations were similar. These values 
approximated 1,450 acre feet and 1,170 acre feet respectively, for the 
Lower and Upper stations in 1977, and 1,630 acre feet and 1,700 acre feet 
respectively in 1978. A larger relative increase in water yield was noted 


for the Upper station of this westerly facing basin. 


Suspended Sediment 

The annual patterns of sediment concentrations for each station by 
hydrologic year are depicted in Figures 116-119. Suspended sediment 
concentrations at the Lower Jeff Davis station ranged from < 5 ppm at low 
flow to 91 ppm at high flow, while those for the Upper station ranged from 
< 5 ppm to 294 ppm. The relationships between suspended sediment and stream 
discharge for each station were statistically significant, and are presented 


in Figures 120 and 121. The variability in sediment concentration with 
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stream flow is partially attributed to a seasonal effect, specific storm 
effects, and ‘to the hysteresis effect, whereby peak concentrations of 
suspended sediment generally occur prior to peak runoff during the rising 
stage (Gregory and Walling, 1973, pp. 215-219). Annual sediment yields 
for the two sample sations were estimated from respective water yield and 
sediment concentration data (Table 34). The Lower and Upper stations 
produced approximately 19 tons of suspended sediment respectively during 
1977. These yields were increased to 52 tons and 98 tons for the 1978 


hydrologic year. 


Hydrochemical Parameters 

The concentration of dissolved solids is inversely related to stream 
discharge so that lower concentrations occur during periods of high runoff, 
while higher concentrations are found during periods of low summer base flow 
(Gunnerson, 1967; Gregory and Walling, 1973, pp. 219-225). Patterns for 
specific ions, especially the ecologically important ones, often vary from 
this generalization (Likens, et al., 1977, pp. 74-76). 

Specific conductance for the Lower Jeff Davis station ranged from a low 
of 128 pmhos to a high of 245 uwmhos. The Upper Jeff Davis station exhibited 
a similar pattern, values ranging from 96 pmhos to a high of 1/72 umhos. The 
relationships between specific conductance and stream discharge for each 
station were statistically significant and are presented in Figures 122 and 
123. Variation in specific conductance with stream discharge is partially 
attributed to seasonal and storm hysteresis effects (Gregory and Walling, 
1973, pp. 219-225). The ranges in ionic concentration for specific ions are 


presented in Table 35. 
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Table 35. Ranges of Hydrochemical Parameter for the Jeff Davis Watershed 


Sampling Stations, 


pH 
Alkalinity (Caco.,) (mg/1) 


Specific Conductance (pmhos) 
Total Dissolved Solids (mg/1) 


Ga. (ng/1) 
Mg (mg/1) 
Na (mg/1) 
K (mg/1) 
HCO, (mg/1) 


SO, (mg/1) 


NH, (mg/1) 
NO, + NO, - N (mg/1) 


PO, (Ortbe) -P (mg/1) 


1977 - 1978. 
Lower 
Jeff Davis 
7.45 - 7.95 
67 - 105 
128 - 245 
83 - 159 
18 - 34 
6.0 - 10 
4.6 - 8.3 
1.4-= 2.4 
80 - 147 
5 - ll 


<0.01 - 0.17 
2:0:..01 — 0.09 
0.022 - 0.078 


Upper 
Jeff Davis 
TiZD = F282 
532= 6 
96 - 172 
o27= bt2 
14 - 22 
52 = 827 
2.424528 
0,83 =)1.8 
64 - 97 
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Bacteria Levels. 

The concentration of fecal and total coliform in streams draining 
rangeland watersheds is directly related to the number of cattle present, 
their access to the stream,the physical and hydrological characteristics 
of the basin, local weather conditions (Kunkle, 1970: Stephensen and Street, 
1978), and the time of day (Kunkle and Meiman, 1968). Seasonal patterns 
include a spring "flushing" effect during the rising stage (Kunkle and 
Meiman, 1968), with high counts during the low flow summer period, counts 
which often continue for some period after the cattle have been removed 
from the area (Stephensen and Street, 1978). This seasonal pattern may 
briefly be modified by local storms which produce their one "flushing" 
effect, and which may or may not be followed by a short term dilution period. 

The concentrations of fecal coliform for the Lower and Upper Jeff Davis 
stations for the study period are presented in Table 36. Higher values 
occurred during the grazing season, but were not always concomitant with 
the known presence of livestock. Maximum fecal coliform levels were 580 and 
116 colonies/100 mls respectively for each acarione. Approximately 15 percent 
of the sample coliform counts for Lower Jeff Davis exceeded the 200 colony/100 
ml limit of the Montana Water Quality Criteria. The Upper station had no 


exceptions. Low values were associated with the spring season. 


Comments 

The water yields for the basin for the two years were generally similar, 
although the flow regimes differed. Sediment yields per acre are quite low 
for a disturbed, i.e. surface mined, watershed. This conclusion is supported 
by the 'good' channel stability rating (65) of the stream environs. Because 
of the limited number of samples taken and the nature of the hydrochemical 


parameters evaluated, relationships between the water quality characteristics 
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Table 36. 


April 

May 

June 

July 
August 
September 
October 


November 
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Fecal coliform counts (colonies/100 mls) for the Jeff Davis 


Watershed Sampling Stations, 1977 - 1978. 


Lower Jeff Davis 


1977 1978 
<10 

ET 1 
580(?) gx 
200(?) 67(?) 
65 (7?) 180(?) 
115% 57* 

4 

36 


* Stock visually present. 


(?) Stock presence uncertain. 


Upper Jeff Davis 


LOT / 


116(?) 
40% 
6 
4 


18 


1978 
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of Jeff Davis Creek and the Montana Water Quality Criteria cannot be 


addressed. 


Shenon Creek Basin 


The Shenon Creek sample basin was visited a total of 16 and 18 times 
during the two hydrologic years. There were no specific accessibility 
problems; however, an extremely unstable channel cross section, irrigation 
diversion, and residual channel ice in early 1977 hampered the sampling 


process. The Upper station was monitored 15 and 17 times respectively. 


Channel Stability Ratings 
Shenon Creek was evaluated on September 2, 1976. That portion of 
Shenon Creek between the Lower station and approximately opposite the 


Mansfield Cow Camp was rated at 'fair' (88) (Table 37). 


Precipitation 

Precipitation was measured at the Upper Shenon precipitation station 
from April 23 through November 11, 1977 and from April 6 through September 
13, 1978. The general precipitation patterns during these two fiscal years 
are compared to those of the Dillon and Lima weather stations (Figure 124). 
Greater precipitation fell in at the Upper Shenon station during the 19/77 


field season, especially during May and June. 


Stream Discharge 

The staff-dishcarge rating curves for the Lower Shenon and Upper Shenon 
sampling stations are presented in Figures 125 and 126. The Upper Shenon 
gauging site remained relatively stable during the two sampling years. 


The Lower Shenon station also remained relatively stable for this period; 


TA 4, 


& eA env wLeek i Lqne2 
a fi 
‘i tw earl .etesy Si eofoy 
£ 4 
lao Yi awetsee We, 
tea of ont Ieanedo Teobieed Bas 
fh i bevos inom: gow notiada vhqau oat 
egnise® yar lidead | 
oe . oe ; 1 
fo beta lave aaw, diese goaede 
nolkjgase fowl: so We mae Howe leet 
. rary 
y a 
A a ne } vets ee 
= en 
é | 
Hit bos goLlkG add Ty send) oo Dee 
mit qaqgl afd te mh [fet soreopigs 
" 
ae i 
it 


N t 


atwad: sse7) ni on 


panel - i meee amet 


227 


9) $-00S7-Tu "IOOG=+4ETT SIFCA YLI-LL ‘POCK™OL-GE “IUOTTPIRGe_L> 230 01098 yovay 


“CEs -f‘a 147 °a *92°° + FY a) e224 21096 Yo"¥a1 10202 & 103 UBN{O?D Yee UJ senteA eq2 PpY 

a i329 |— ot ;— Zz — SIVLOL NKN109 
Udsoid oq DoT q a Bu SuOTq TV" E u 

Jsoys ‘usaxB-nol]{ 9, cated Ce) eU0sSedg “sale JazBAxIeq UT! (Z) elad ‘usa13 ylep %ayt], ssow 

a 30 ad1¥26 sadhy [epuUaI2IY [3800 AjaBrze{ yoiy *juepunqgy 


4 B0}20IIB2A 
*Aa30de Jnq Quasaig; 


dzaunby BuzBuy] 


*Suoyjasatk Ayiveu thd) 

$2 | a3uey> io mj JO aqeqs e ur 
MOIIOg YI JO YOS uBYI a10,! 
9/ °Z0%-0 STEED E71 qQBIS |// 


*aBuey> voOTINgpAsSTP PayxIey Mey 
8 *peaom Al }see auemg7Os See) 


"uot a TsOdap 00 2 }sodaq 
pue 3ujyinoss fq pajszazje pus Zupinors 
woz30q ayy JO YG UeYI sS27 
LOOT-O8 STP}199BU eT qeIS 
*JuapyAa sazyjs uy asusyd on 
ydde,1iaao0 10/pue poyoed 


°“Z0S-07 ST eT13ajeu 21483S; 
*sazts uy asuByd aje19po0nl(g 
*de[Tiaao0 Quairdde ou yA} 


°%08-0S STBTAFIEwW 91 qeIS| 
*IYyBITS IZTYS UOTINGIII3S TQ) (4) 
}dde{isAO aus 


STO F2ITHW M1 GUIS JUadieg 
WOFINGTAISIG ®ZTs WoII0g 


EEL FOI EDEEL FI 
asooy *quapzaAa Buy xed oN KY JuacgQjiosse asouy vB yates yaItA payed ee ee AI IU3II sez}s pazzossy 20 BO}IEPy{Osuo 
*s39833Ns peinods 10 pasodxa} *2“69=SC @F “4ST aust3aqi BIdIVZAINS BYysIIQ ~CGE 02 dni 7, a4ystAG, JOU “Ua “pauyers 
*4 469 S3ysIaq AyTayeuywopaig (c) poe TINp 70S-0G ‘SaansxI, 4 (Z aaey Aw ng TINP ATIsOK'|(T)}| AO ‘pauaxrep *{INp sadzzans| SGeu,yZyig] ° 
*y200us sadrjins “suojs' *suoTsuawyp OA UT pa: : °3¥T3 y YI0ous sadejains, *pouatsnor saoejins sueyd) 
54 -uauyp TTB UF papunoi [Tan Kc ))} -punoi [om saspa 9 s19U209 |(z) | *‘saapa 9 siaui0> papunoy, (7) “saau10> pue sa3pa dieys) Adyavt{Nsuy y¥ 20y 
ee ere e 
*yueudoTeAep 1eq pe eis{oIy (10) *Si8Gq Mau somos pue plo! *s[TeAeis 261809) i mone 
af *satTztqsed auyy ATaqyeuyoop J uo pues as1809 9 12av13"(g) mO1j Ysow “udTIBMID; Ke?) *sieq quiod 1o yTauueysd 30} uo 73} s0daq 
+ aad JO sqtsodap aatsua yxy st Aau JO uot {I{sodap ajriapo,, | | 4eq ut seaisuy Aau amos}! JuawwSieyua ou 30 373317! 
JUandaIj SZUeyYIAAD 50 ainy *JuaptAs suTuSsno,TS pue, nel O23 dn aq Aww sxueqg ary TTeisues Ysty ,,g vey, 
9, -TTeq “Y8TYy .,9Z 1aa0 amos S3uRYyIIZAO JEU 3004 *y3144(8) *gu0}2ITI9SUOD Y SaAINdyno/(y)! 6say syupq Mel guanbaa3uy| Buy aan 
*sqyn2 snonuy quod AsouTy utZ*,,2T SINg *QUeI;JTUS5 Sj Je AjQuaa{IwiayuT ‘amos; | *JuapyAa auou JO a{33Iq) 
*3uyands0 “sjood jo SUTTT HS pued *ulyjy SSa] pue® Uoy3}SOdap, 
uotzer3iw yauueyrs *{{NJ Suy33and yueq Butsned 22380 | Aarau 610}223TJap pue suoyy ao 3u133N9 anoya wll sdeay quamypas 
9! sde13 ‘pag *8uoy,ie3ak voysi(g) | q3ty YA anow s103290TJ ap 2Q 22ni36q9 °3UTTITJZ [ood 2outw! (z) a1QBIS SaTIjJII 9 JOod jo, $10932132q AOTY 
2023 YUeG asned s10{2eTJap $U0}T3INI3¥ESQO aTqeysun ATa Ie! ! pus sjueiInd sso1d aatsoia uizajjed moTg *pappaqua, $U0}39N126q90 


pue su0133NIA6QGO JUoNbs24 


66a] 10 C-] “Saz}s [aaris 
8 jO Sjuaw3e1zy 43501 707 > 


elapom Squandaizy AtoOIeIapoy 
“SST > 19I9UTIP , 9-—. ; 
243 ur sow YIIA * 40% 02 07 '(y) | 


Zuysned Sjuasaid awosl 
“ulT=9 2TQqGO2 03 Siap{Nog 
Uivus AqTasom 69 03 0471 (Z) 


Aywitz sot pto ‘sx20y 
*snoiaumu + 7] sieptnoq,: 
aetn3ue ‘akaey yy + x9) amen bi 


Se-ST OFIPA G/M “Spoojs: H STB OF7eA) | £> 01221 Q/mh PIUTE3 j 
¢ °SZ< 01282 G/m “UOWWDdS] (¢) yYUegIaAO [TeuoTSedIQ *sy7Pad (G/M) 42daqg 03 YIPTM °area (Dj 2u0d SMOTJ 403g *“Saseaisuy) Aqyoedes Seotriel 
SAOTJ HUBGIIAQ *aIeNbapeu] Juasaid suyequod Ajaleg SAOTJ YxUBGIAAGQ “*aQeNbapy: awos sntd juasaid 103 atduy' | 


seme SUNVG YaNOT “1 


4 *ssew 001 asuap *daapil uoyIeIasaq | 


SSew JOOI AOT]eYS pue 
Ssnonulquosstp ‘200d 3a3e2 
e}PUT 20BtA Beal 9 Saidads 


SSewW YOOT SNONUTZUOISTIPh 
pue MOTTEYS JeyAawos e& wio; | 


*Ssew O01 doap 
. dO asuap ssaq e& 63Sa83ns 


{ Satoads lamdj [13s pue | AOZIA Aamo, 3oO 6aj}Iad6./¢) ® syjsadsns Aja11eA puri wo2z | 
aanaj sn{d Aqisuap 140¢> 3OBTA Aanoy *AIISUaP 4-06 quejd damay °A31suap 106-01" JOBIA “AQIsSuap aue{d 4+ 4064 UOTI3I9I70I1g Yue 
*Sazjs Jodie, Aj \ueuIwopejd *Surseslouy meqrsael “SqUIT pue S3IM2) “Bale TuUeYyD aaetpowut, 632a, QO ATQeIeOT”" 
*squnowe Aagay 02 23P1370;; @Z1S pue aun{oOA *quasaig Gy} [yews AjT3saw ynq Juasargt (Z) wol} yuasqe A{Te1quassa} [etquaIeg wer stTigag 
Tawrs jO Josuep Juauywul *SAOT3 YdTY SUTANp Jayem Aq: Ff *T By IueIod seanjnj{ *S]uueyd OUT Sul sen: 
Bf! ¥o ‘Quojaeak Ajaeau Juaw! pass (6) Ppapoia sj0ds6 Arl awos met 0) MOT °1aao pazeay AT ISOR; (€) 6sew io 1oj e1qUaacd;| (rey 20e2°4 aires 
Butsne> ‘adze_, 10 quanbaly | *azts y Aduanbaaj e1e19p0; | Jy [ews Alaa 10/pue quanbazjuq!: dc ysed jc aduapiaAa on. a 
+ L409 Wetpeirs adoys yHueg %09-0%7 JeIpCss |aGoTS rxuUe|g (4) “%O7O€ Jaipeid adoys veg! &Z) LOC APipera ado Ts yHueg) ado[sS wiojpuey 


ao05 1N3713 9X9 ! SNNVG Y3ddl “1 
sossey) Aq sao0jedtpuy AAT] 7 eIS 2 ee) paiey mai] 
9L/2/6 
uouays WAOT NOILVATVAS Ciald ALITIGVIS TANNVND WVEMIS T-Y /E€ STqeL eT 


£ = 
4 ear 


eee 


aad a eeiceeerersae Gsaso 


gusuer we 
ase? © #27 Cal Hs 


tlet jasie8 ‘ta = Brey 


“ sis te = ¥ pad o z ‘ if : 
Awe 5 us $ » beep Oo 36? : _J-. = ee FZ ho a oe See elaadinemee Te at eS 
el iaee Jeet ; Re ee ee ee ee pe mee ee Scene a 
aH SAT a ee : a ie ol ai <:- = + Sys Sabhk uss Bula *ieedi4t Yet erga = “ : 
ifr fim oe 7 : — 3 ‘ ? = ete se = Wicsesd jee = 


5 = 


an a i re 
te 


9 Neadee? socd ok 


1S e738 yy  wiewesitir 6 darcrete fae =e: , . ah: et fees sores (43, =n 8 Jet ov 


oe 


eaelenn ia 


; eS 4 
set : ele ees 


“etHas woos 
“Syen? bet Lanclrssy 
seizergin -[simest 


p= eecaesy b tere os 


tits 


Pe ; ee : eS } : « é wat Sesser teat = i gaeea 


Ree os —— ae a ee el 


- o< er - sripteocsrs 


Bi | 
hao é 
poumeeeere . << es bee oe 3 
= ’ r ) 
A 2 s= : i 
2 : fe e 
re 7 . r 3 é 
3 - 4 - = } 
~~ ~. = gr i 3 
. “ ee 3 | 
ar ; ~ 
Ps - 
ne 


228 


N s c Ww W c N Ss c W W c N s c Ww W c 
0 0 uot 3e3S 
1ay .eay 
eutT 
Zz 
(80°21) €7°ZI 07 OT 
7 9 


uot 3eIS 
Z wos eIaydyzoeig 
uouays taddp 


(S2°TT) 


°eqeq uoz IBeIyTdzoeig 
uoueys ieddq *yZ]{ ean3Tq 


J 
0 uof3eIS 
1ayieay 
uoltttd 


(ut) Ldd 


$°zl 


LL61 9161 


8261 


A 


Sa RaaREnD Dempasietinennal| 


My 


€7 


bate ea re) 

Aba ae 

q Fi 

. 

ri hy 

. | a 

na 

“tom 

’ 1 

ar ite 
or we “gets 

i \ 

ae ie 

bu 

L 

1 

, 
oN 

} ‘ 

. a a 
] i 
0) 


oi 
‘ 4 
* 
My é 
ie 
\ 
A 
a 
ra 
mt 


#808 pS 


VOL 


s 


Lieoysicet ros 


—— 


Staff Gauge (ft.) 


1.0 


0.5 


Log Dis = 0.7144 + 1.4318 (log staff) 


Ons ed 
OB) 10 a0 


Stream Discharge (cfs) 


Figure 125. Staff-discharge Rating Curve for the Lower Shenon Station. 
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Figure 126. Staff-discharge Rating Curve for the Upper Shenon Station. 
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however, the majority of stream flow was intermittantly diverted for 
irrigation purposes. There were no satisfactory alternate sites, and the 
one selected suffered from unstable conditions owing to the large bed load 
carried by the stream in this section. 

The 1977 and 1978 annual hydrographs for the Lower Shenon and Upper 
Shenon Creek sampling stations are presented in Figures 127-130. Peak flow 
during 1977 at the Lower Shenon station apparently occurred in early to mid- 
April during an unusually warm period. An estimated crest stage value of 
5.6 cfs occurred during mid-April, although a higher flow is believed to 
have occurred over ice prior to the first sampling visit. The lowest 
recorded flow during 1977 was only 0.63 cfs during early September. The 
1978 year produced a peak flowyf 3.2 cfs in mid-May. The lowest recorded 
flow for 1978 was 0.57 cfs in mid-August. At theUpper Shenon station, an 
estimated peak discharge of 1.9 cfs was noted in mid-April, 1977, although 
a higher flow may have occurred previously. The lowest recorded flow for 
the year was 0.38 cfs in mid-September. In 1978, a peak of 1.5 cfs was 
measured in late May and mid-July, while the lowest flow was recorded at 
0.44 cfs in the previous October. The differences noted in flow patterns 
for the two hydrologic years are largely attributed to differences in the 
annual and seasonal precipitation and snow release patterns. 

The respecitve annual hydrograph data were used to estimate the annual 
water yields for each station (Table 38). In both water years, the estimated 
yield for the Upper Shenon station was approximately two-thirds that of 
the Lower Shenon station. The data indicate water yields of 968 acre feet 
and 655 acre feet respectively for 1977 and 740 acre feet and 535acre feet 


for 1978. Both stations reflected a decrease in water yield during 1978. 
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Suspended Sediment 

The annual patterns of sediment concentrations for each station by 
hydrologic year are depicted in Figures 127-130. Suspended sediment con- 
centrations at the Lower Shenon station ranged from <5 ppm to 3690 ppm, 
while those for the Upper station ranged from <5 ppm to 384 ppm. The 
relationships between suspended sediment and stream discharge for each 
station were statistically significant, and are presented in Figures 13l 
and 132. The variability in sediment concentration with stream flow is 
partially attributed to a seasonal effect, specific storm effects, the 
presence of livestock, and to the hysteresis effect, whereby peak concentrations 
of suspended sediment generally occur prior to peak runoff during the rising 
stage (Gregory and Walling, 1973, pp. 215-219). Annual sediment yields 
for the two sample stations were estimated from respective water yield and 
sediment concentration data (Table 38). The Lower and Upper stations produced 
approximately 292 tons and 42 tons of suspended sediment respectively during 
1977. These yields were reduced to 51 tons and 10 tons for the 1978 hydro- 


logic year. 


Hydrochemical Parameters 

The concentration of dissolved solids is inversely related to stream 
discharge so that lower concentrations occur during periods of high runoff, 
while higher concentrations are found during periods of low summer base flow 
(Gunnerson, 1967; Gregory and Walling, 1973, pp. 219-225). Patterns for 
specific ions, especially the ecologically important ones, often vary from 


this generalization (Likens, et al., 1977, pp. 74-76). 


faa ro? enioh 28 7d 9G? daam thee 


Thy i te ine ace ee Ok 3 aienyene 


GEP=Val a isa Poa 
ain mob de te noni dat 


> ow}: bags rid iow Weal s 


hek bebossaue asewied eqidenol te 
“Sonyt Tews aby snizase o7a0 
$i : ) nk yaitidal+ ay aT 


im 4 Toes 1 ERC el RN oo ee 


! Diet 2g. 
P oh ; a _ | bi 
' 6: a . : Ri . Sirit ne DOS exe ae my —- 


ime mm ennhtinse atone owt odd, 


} , iG Cyd tinh opt ana rayne yey "a 


esis Tes. 


¥ 


h queso een er agono7. awe ant! On. sta 


0 Ane sexamga6, shag 


233 


'SdO: ADUVHOSIG WVAULS 


o000°or! O1e°’9 T86°E ZUS°T Sas°t 000° 1€9°O A6E°O 1SZ°0 RST°O oot°c 
a a Pen See ey tere ae 
+ vvv 10000°T 
3 vv $ 
: vv H 
H VV 3 
: vv $ 
+ vv 90762°Z 
: vvV : 
3 WV H 
$ vv 3 
: vv H 
+ 8 vY 41€67°S 
: wv H 
Hy WV $ 
: 8 vv H 
: » s vv H 
+ a vv 486£0°Z1 
3 vv H 
: ry vv H 
: aVV H 
3 zs vv 3 
+ = so + 4996S °L2 
3 WVs 8 H 
: aVel¥ H 
: WVax H 
: YYs : 
bo wv *G6S07 °F 9 
8 WV¥s 2 H 
: a WV H 
$ VV : 
: eV a H 
+ VW¥s a8 46556 °dDT 
3 ov 8 3 
: vv s 3 
: WV $ 
3 vv 8 : 
+ vv ayZF7 °ZEE 
$ vv H 
H wy H 
$ vv : 
* G19 °TOL 
3 3 
+ i aZSEZ°SGHLI 
+ s 16666 °666€ 


Se ee ee ee, eee, eee ee! Set eet en eee et Pere ke eet id 


(SIG 907)69bL°T * T689°T = G3S 907 
; WONSHS G3KOT — SOSYHISTG WYSYLS SA LNAWIG3S GaanhadSns “TET TANIA 


oo & & FF co 


ANNA DFBAANIGAG Ae 6 es Eo) wee 


i) 


EE 


te 
. 
" 
th 
ro 
tw 
my 
o 
Nal 
7 


239 


$S$dd& 3OUVHISIG WYAULS 


o00°Or orEes9 186 °E TIS °Z Gest 000°T Te€9°0 86€°0 1SZ°0 AGST°O oot°o 
Hoo ee ne eo gn nn ge wo nnn fp penn oo np oe en on te rn on § ee nn nnn fon nn ta nnn on en tan nn nn oe et = 
+ VVVV 90000°T 
: vY Hy 
+ vv H 
$ WY H 
: WVV H 
+ vY 10762 °7 
Hy VY H 
8 vv H 
: . vW : 
: VV : 
+ zs @ sw 41£92 °S 
: a8 vw H 
3 wvv s 
$ s s e¥V a : 
$ s tT ses WY : 
+ ve 486F£0°Z1 
3 a wv a 8 
3 at VWs 2 8 
: a vv H 
Hy 2 WY os : 
+ vvV 2906S °LZ 
; a WVs 8 
: aVY H 
Hy wv H 
Hy vY Fy 
+ vv 46507 °F9 
3 Wy 3 
: wvY $ 
: Ww s : 
: vv 8 H 
+ vv 46556 °v bt 
3 vv ° 
H LAT H 
: vv H 
H vv : 
+ WvY s apZEZ TEL 
: vv a : 
: vv H 
3 WV Hy 
: WV + 
+ WV 4G19b °T9L 
3 vv H 
s WY 3 
sy : 
+ 47G€2 °SbLT 
+ 96666 °666E 
obo cece cnn tome een wn fee wn eo mw nt pom mn Foe ee mmr nn § mem mmm n Go oo oon ow Go oo on hen nn on no he enn ne ont - 


(SIQ 903)9169°R # ZS0b°T = Gas 901 
; g NONSHS UAddN — 39UVHISIG WYSNIS SA LNBWICES AsGNaaSHs “ZT ANIA 


co & A F eco 


wpBunNnanw BZAWA AWS — FW) B dw 


240 


Specific conductance for the Lower Shenon station ranged from a low of 
220 pmhos to a high of 298 pmhos. The Upper Shenon exhibited values ranging 
from 132 pmhos to a high of 238 pmhos. The relationships between specitic 
conductance and stream discharge for each station were statistically significant 
and are presented in Figures 133 and 134. Variation in specific conductance 
with stream discharge is partially attributed to seasonal and storm hysteresis 
effects (Gregory and Walling, 1973, pp. 219-225). The ranges in ionic 


concentration for specific ions are presented in Table 39. 


Bacteria Levels 
The concentration of fecal and total coliform in streams draining 
rangeland watersheds is directly related to the number of cattle present, 
their access to the stream, the physical and hydrological characteristics 
of the basin, local weather conditions (Kunkle, 1970; Stephensen and Street, 
1978), and the time of day (Kunkle and Meiman, 1968). Seasonal patterns 
include a spring "flushing" effect during the rising stage (Kunkle and 
Meiman, 1968), with high counts during the low flow summer period, counts 
which often continue for some period after the cattle have been removed 
from the area (Stephensen and Street, 1978). This seasonal pattern may 
briefly be modified by local storms which produce their one "flushing" 
effect, and which may or may not be followed by a short term dilution period. 
The concentrations of fecal coliform for the Lower and Upper Shenon 
Creek stations for the study period are presented in Table 40. Higher values 
occurred during the grazing season, but were not always concomitant with 
the known presence of livestock. Maximum fecal coliform levels were TNTC 
and 1850 colonies/100 mls respectively for each station. Approximately 
46 percent and 8 percent of the sample coliform counts exceeded the 200 


colony/100 ml limit of the Montana Water Quality Criteria. Low values were 
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Table 39. Ranges in Hydrochemical Characteristics of the Shenon Watershed 


Sampling Stations, 1977 - 1978. 


Lower Shenon 


pH L355 288.26 
Alkalinity (CaCO, ) (mg/1) Lio; = 0137 
Specific Conductance (pmhos) 220 — 298 
Total Dissolved Solids (mg/1) 143 - 194 
Ca (mg/1) 22 - 37 
Mg (mg/1) 12°=° 16 
Na (mg/1) 8.8 - 13 

K  (mg/1) bb SD sh 
HCO, (mg/1) 135 = 167 
SO, (mg/1) 5 - 32 
NH, (mg/1) “0.01 - 0.25 
NO, + NO. - N (mg/1) «0.01 - 0.09 
Por (Ortho) <P (ug/ 1) 0.007 - 0.028 


4 


Upper Shenon 


7.35 
99 


132 


8.02 
E2k 


238 
|B) 


29 
16 
oD 
1.8 
152 
12 


0.25 
0.10 
0.023 
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Table 40. 


April 

May 

June 

July 
August 
September 
October 


November 


~~ 
fos 


Fecal Coliform Counts (colonies/100 mls) for the Shenon Watershed 
Sampling Stations, 1977 - 1978. 


Lower Shenon 


Lod7 


TNTC 
TNTC* 
740% 
205* 
73(?) 
35 


17 


* Stock visually present. 


(?) Stock presence uncertain. 


1978 


<10 


83% 


1220* 


133 


657 


120* 


Upper Shenon 


1977 


4 
54* 
86(?) 

120(?) 
40% 

6 


45 


1978 
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associated with the spring season. 


Comments 

The 1977 hydrologic year apparently was the more active year for Shenon 
Creek. Both water and sediment yields were higher, a condition partly 
attributed to the precipitation regime during the sampling season. The 
channel bed is often unstable as the stream moves a considerable fine grained 
bed load. Accurate staff-discharge relationships are difficult to establish. 
Elevated fecal coliform levels were noted, especially at the Lower station. 
The Shenon Creek basin is a good candidate for a sample basin that could be 
intensively monitored in order to evalute the impact of land management 
practices upon watershed recovery. Because of the limited number of samples 
taken and the nature of the hydrochemical parameters evaluated, relationships 
between the water quality characteristics of Shenon Creek and the Montana 


Water Quality criteria cannot be addressed. 
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